Neuropsychiatric diseases, such as schizophrenia, bipolar disorder (BD), major depressive disorder (MDD) and autism spectrum disorder (ASD), are a huge burden on society, impairing the health of those affected, as well as their ability to learn and work. Biomarkers that refl ect the dysregulations linked to neuropsychiatric diseases may potentially assist the diagnosis of these disorders. Most of these biomarkers are found in the brain tissue, which is not easily accessible. This is the challenge for the search of novel biomarkers that are present in various body fl uids, including serum or plasma. As a group of important endogenous small noncoding RNAs that regulate gene expression at post-transcriptional level, microRNAs (miRNAs) play a crucial role in many physiological and pathological processes. Previously, researchers discovered that miRNAs contribute to the neurodevelopment and maturation, including neurite outgrowth, dendritogenesis and dendritic spine formation. These developments underline the signifi cance of miRNAs as potential biomarkers for diagnosing and prognosing central nervous system diseases. Accumulated evidence indicates that there are considerable differences between the cell-free miRNA expression profi les of healthy subjects and those of patients. Therefore, circulating miRNAs are likely to become a new class of noninvasive, sensitive biomarkers. Despite the fact that little is known about the origin and functions of circulating miRNAs, their essential roles in the clinical diagnosis and prognosis of neuropsychiatric diseases make them attractive biomarkers. In this review we cover the increasing amounts of dataset that have accumulated in the last years on the use of circulating miRNAs and their values as potential biomarkers in most areas of neuropsychiatric diseases.
INTRODUCTION
The complex structure of the nervous system and the capability of the neurons for postsynaptic remodeling require coordination of complicated intracellular networks consisting of molecular signal transduction systems. Owing to the abundance of neural networks, gene variants are capable of causing system dysfunctions exhibiting as associated neurobehavioral syndromes. The importance of different types of non-coding RNAs is increasingly distinguished in this regulatory process, with microRNAs (miRNAs) appearing as a leading candidate in neuropsychiatric fi eld. Previous studies discovered that post-transcriptional gene regulation by miRNA is a key factor in modeling the topography of the neural networks. There is strong evidence that show that miRNAs intervene in neurobiological processes, including neurogenesis, neural differentiation, and synaptic plasticity, as well as neurologic and psychiatric diseases. A close association between miRNA and CNS development and differentiation has been found. In the fully developed CNS, miRNAs are expected to infl uence the level of messenger RNA in dendrites and to regulate local protein synthesis throughout synaptic plasticity. In addition to keeping the normal physiological functions of the CNS, particular miRNAs are closely related to the appearance and development of CNS disorders. The regulatory mechanisms that arrange the accurate temporal and spatial patterns of gene expression in the brain are at the front line of research for neuropsychiatric disorders.
Discovering biomarkers that are sensitive and reliable enough to allow accurate diagnosis and to be clinically useful is a crucial need. MiRNAs play important role in neurodevelopment and regulation of essential biological processes, thus miRNAs have increasingly been explored, including as biomarkers. MiRNAs are small, non-coding, single-stranded RNA molecules of around 22 nucleotides (nt) in length. As a class of important endogenous molecules they modulate gene expression by recognizing complementary sequences in target messenger RNAs (mRNAs), involved in normal cell function, and modifi cation of gene expression at the posttranscriptional level. 1 Specifi c miRNAs have been engaged in a various biological processes like cell development, proliferation, differentiation, and apoptosis. It has been estimated that there are more than 1,000 miRNAs in the human genome and that they regulate up to 60% of all proteincoding genes. 2 Each miRNA can target and regulate hundreds of mRNAs. Therefore, the dysregulation of miRNA levels might lead to altered expression and function of many mRNAs, playing a critical role in the pathogenesis of many human diseases. Some miRNAs may induce the expression of genes that increase cell proliferation and survival, and also inhibit the expression of tumor suppressor genes and/or genes that control apoptosis. Because of this, miRNAs have been explored mostly in the neoplastic processes. MiRNAs that are usually down-regulated in physiological processes, are known as oncogenes or simply "oncomiRs". Increase of their expression promotes neoplasms, or in some cases, evident malignancies. Several miRNAs such as miR-155 and miR-17-92 cluster are known as oncomiRs. 1 For example, miR-17-92 cluster contribute to proliferation, raise angiogenesis and maintain cancer cell survival via post-transcriptional repression of target mRNAs. 3 Another well described oncomir is miR-10b that promotes metastasis by suppressing HOXD10, which is negative regulator of a gene associated with tumor cell proliferation and metastasis. 4 The miRNAs that physiologically up-regulate tumor suppressor genes and/or down-regulate oncogenes and are regarded to cell survival and/or death may be considered tumor suppressor miRNAs because they prevent tumor development. 1 For instance, let-7 family as a tumor-suppressor miRNA are downregulated in many malignancies and suppresses cancer growth by targeting several oncogenes and basic regulators of mitogenic pathways, such as RAS and HMGA2. 5 Many miRNAs function contradictory as oncogenes and tumor suppressor genes depending on the cancer type and cellular background. An example is miR-125b, which was reported to function as either an oncogene or tumor-suppressor gene in different cancer types. In ovarian, thyroid, and oral squamous-cell carcinomas, miR-125b is downregulated and has been shown to suppress cell proliferation and cell-cycle progression. 6, 7 At the same time, miR-125b inhibits apoptosis in neuroblastoma cells in a p53-dependent manner 8 and advances cell proliferation and invasion in prostate cancer cells.9 MicroRNAs appear to be highly tissue-specifi c biomarkers, with essential clinical applicability for clarifying the cancer origin of metastases. 10 These data led to the assumption that the aberant microRNA expression profi le in body fl uids is part of pathological processes. MiRNA signature refl ects physiological and/or pathological conditions more accurately than a mRNA abundance profi le, because microRNAs are themselves active molecules that infl uence gene function, and thus refl ect altered physiology more directly. In recent years, miRNAs have been detected in a variety of biological fl uids as circulating miRNAs in serum, plasma, saliva, urine, breast milk, seminal plasma, tears, amniotic fl uid, colostrum, bronchial lavage, cerebrospinal fl uid, peritoneal fl uid, and pleural fl uid. 11, 12 MicroRNAs assessed either from tumour samples or in biofl uids, have appeared as biomarkers for tumor diagnosis, prognosis and prediction of response to treatment. In the following pages we will review the increasing amounts of data that have accumulated in the last years on the use of miRNAs as neuropsychiatric disorder biomarkers.
BIOGENESIS, SOURCES AND ORIGIN OF CIRCU-LATING CELL-FREE microRNAS
The biogenesis of miRNAs begins when they are transcribed from intergenic or intronic regions into long primary miRNA precursors, known as pri-miRNAs and are able to function both as pri-miRNAs and mRNAs. 13 These precursors are cleaved inside the nucleus by the components of the microprocessor complex, that contains Drosha and Dgcr8, and are processed into a hairpin precursor called premiRNAs. Pre-miRNAs are afterwards exported into the cytoplasm by nuclear transport receptor exportin-5, and have further cleavage by RNaseIII enzyme Dicer to form a short complementary duplex of two miRNA strands. The miRNA duplex is unwound by helicase into a single mature miRNA that is incorporated into a large miRNA-induced silencing complex (miRISC). Very important components of miRISC are the proteins of the Argonaute family (AGO1, AGO2, AGO3, or AGO4), miRISC serves to fi nd and bind to a sequence that at least partially matches the 3′-untranslated regions (3′-UTR) of target mRNA. As a result of an effective binding translational inhibition and/or mRNA cleavage occurs with regulatory mechanisms that are still not fully understood. 14, 15 MiRNAs are known to limit the expression of their target genes in given cell types and also to 'fi ne tune' the levels of coexpressed targets, by miRNA-mediated control of gene expression. Thus a desired biological response can occur. MicroRNAs can be exuded in the circulation by two different pathways: energy-free passive release or active and selective secretion in response to different stimuli. The fi rst process does not need energy and occurs after cell destruction in pathological conditions such as apoptosis, metastasis or infl ammation and it does not play a major role in the production of circulating miRNAs. 16 The process of active secretion of miRNAs is ATP and temperature-dependent. It is similar to the discharge of hormones and cytokines, with or without cell stimulation. 16 Extracellular miRNAs can be packaged in microvesicles (MVs) (exosomes, microparticles (MPs), and apoptotic bodies (ABs)) or can exist as microvesicles-free miRNAs that can be associated with diverse multi protein or lipoprotein complexes. Circulating miRNAs displayed notable stability 11 and resistance to degradation from endogenous RNAse activity. 17 It has also been shown that serum miRNAs stay stable after being exposed to severe conditions that would normally degrade most RNAs, such as boiling, very low or high pH levels, extended storage, and 10 freeze-thaw cycles. 18 This stability can be partially explained by the discovery of lipoprotein complexes, including microvesicles (30-100 nm), containing miRNAs, 19 mRNAs, 20 and proteins 20 . Exosomes are 50-90 nm vesicles with endocytic origin. 21 They are accumulated within the multivesicular bodies of the late endosome and exuded by fusion with the cell membrane. In reply to cell stimuli occurs budding of endosomes. Exosomes contain signifi cant amounts of RNA, 22 including both mRNA and miRNAs. 19, [23] [24] [25] All in all 121 miRNAs were identifi ed in exosomes from mast cells and the expression of some miRNAs was higher in microvesicles than in the parental cells. 19 As distinct, selective retention of specifi c miRNAs that are not exuded into the extracellular environment has been reported in cancer, suggesting that miRNAs can be selectively packed. 23 On the other hand MPs are larger than exosomes (>100 nm diameter) and are released through plasma membrane budding and also contain miRNAs. [26] [27] [28] Primarily, different stimuli alter the release of miRNAs in MPs, proposes that the miRNA export in MPs is an actively regulated process as in exoxomes. [29] [30] [31] ABs are larger in size than MPs and are generated in response to apoptotic stimuli 32 and have been involved in tissue repair and angiogenesis. 33 It has been demonstrated that MVs (exosomes, MPs and ABs) are implicated in the intravesicular transport of circulating miRNAs (Fig. 1) . 19, 26, 34 On the other hand, several studies suggested that high-density lipoprotein (HDL) apart from its classical role as a carrier for excess cellular cholesterol also acts as a transporter of endogenous miRNAs. Native HDL by association with microvesicles-free miRNAs functions as a depot for circulating miRNAs in plasma and enables their transport and delivery to recipient cells. 35 It was exhibited that highly purifi ed HDL is abundant to small RNA molecules, 15-30 nucleotides in length. Extracellular miRNAs functions in exosome-independent manner, by its association with RNA-binding proteins including Ago2 and Nucleophosmin 1 (NPM1). Argonaute2 (Ago2) is part of the miRNA silencing complex. Association of miRNAs with Ago2 protein, shows that this binding protects and increases the stability of leaked miRNAs. 36 is intriguing that circulating miRNAs may function as a delivery vehicle and could play role in modulating cell function. Interaction of exosomes with receiver cells is thought to originate through receptor-ligand interactions. 38 In an in vivo model that allowed close monitoring of miR-16 activity, nude mice were injected with cells engineered to express a reporter for the 3′UTR of B-cell lymphoma 2, a validated target of miR-16. Following intratumour injection of exosomes obtained from HEK293 cells overexpressing miR-16 led to suppression of luciferase activity. Control exosomes were ineffective in regard to bioluminescence. These data display that exosomal miR-16 brought its inhibitory ability on its target gene to the recipient cells in vivo. 39 Direct delivery of miRNAs to receiver cells can also occur by HDL. This happens through a ceramide signalling pathway dependent manner. The miRNAs within HDL changed the cellular miRNA pool and were functional by a loss of relevant miRNA targets. Thus, besides the well-known role of HDL for reverse cholesterol transport, its miRNA content might have biological feasibility. 35 It is suggested that Ago2 may not just be a vehicle of circulating miRNAs, but a miRNA-protein complexes which has a functional role in silencing gene regulation in receiver cells. 36 However, there is still no convincing data on the functional role of endogenous extracellular miRNAs in vivo have not been declared.
ADVANTAGES AND DISADVANTAGES OF SERUM MIRNAS AS POTENTIAL BIOMARKERS
For the categorization of serum miRNAs as biomarkers with transcendent properties, it is very important circulating miRNAs to show suffi cient predictability and the capacity to be examined during disease and prognosis. The ease of obtaining and detecting the biomarker from clinical specimen is also important. Lately, protein-based biomarkers in serum have been recognized as attractive candidates for diagnosing various diseases. However, the variety of posttranslational modifi cations, the sequence differences among various tissues and specimens, and the problems in developing suitable high-affi nity and high-sensitivity methods complicate the clinical diagnostic process. Circulating miRNAs have become novel and promising biomarkers in establishing the diagnosis of various diseases because of the limitations of other methods and the following advantages: (1) in contrast to other nucleic acid molecules that cannot exist in an extracellular milieu without being damaged, circulating miRNAs show an unexpected stability in different body fl uids. MiRNAs can stay stable not only in the RNase-rich blood environment, but also in extreme conditions, including boiling temperatures, high or low pH, long storage, and freeze-thaw cycles 18 ; (2) most miRNAs sequences are specifi c among different species and have been detected in various tissues, and miRNAs can easily be detected using quantitative reverse transcription-polymerase chain reaction (qRT-PCR); (3) miRNAs expression is tissue or cell-specifi c and is changed during the pathophysiologic processes. It is very important that altered miRNAs expression profi les in circulation refl ect the changes in diseased tissues; (4) serum miRNAs extraction is a noninvasive and simple process; (5) miRNAs have a low complexity which enables exploration. These advantages demonstrate that circulating miRNAs can be useful candidates for diagnosis and other clinical applications in human diseases. Still, there are several challenges that have to be overcome in order to successfully use miRNAs as potential biomarkers. Because one miRNA can target many proteins and one protein can be regulated by many miRNAs, there is intrinsic complexity in the relation between a single miRNA and a pathogenic protein.
Thus, analyzing combinations of multiple miRNAs, rather than a single miRNA, may increase the sensitivity and specifi city of the diagnosis. In addition, because biofl uids contain very low amount of circulating miRNAs, extracting miRNA from serum or plasma is technically challenging. Another major challenge for the analysis is the choice of suitable endogenous controls. Data normalization is another crucial question. Therefore, it is of vital importance to develop standardization methods for quantifi cation of the circulating miRNA. Regardless of these obstacles, the practical value of circulating miRNAs in different diseases is gradually being revealed.
METHODS FOR ANALYSIS OF CIRCULATING miRNAs
A variety of techniques have been used for isolation and profi ling of miRNAs. Purifi cation and extraction of total RNA is derived through variously named "Tri-reagents" (acid phenol in combination with guanidinium-thiocyanate and chloroform). Having in mind that the interest is concentrated on the quantifi cation of specifi c miRNAs in diverse conditions, the method of choice should exclude any variation in the purifi cation of miRNAs from the samples. Uncovering that in Tri-reagents protocols for RNA purifi cation, short structured miRNAs with low GC content are lost when a small number of cells are qRT-PCR assesses the relative levels of varying target miRNAs in comparison with one or more stably expressed reference genes (sometimes called housekeeping or endogenous control genes) which are used to normalize the difference of experimental effi cacy among diverse specimens. The choice of suitable normalization control has been a great challenge for quantifi cation of miRNA levels in qRT-PCR methods since some of the small RNAs used as an endogenous control are found in extreme low concentrations in serum and plasma and they are not widely accepted endogenous control for cellfree fl uids (Fig. 2) . Ribosomal RNAs (rRNAs) have been used as a normalization control in miRNA studies. 56, 57 Nonetheless, rRNAs can be expressed at much higher levels than the target RNA which makes it diffi cult to quantify an rRNA and a rare transcript in the same RNA dilution. Moreover, there is data of rRNA dysregulation in apoptosis 58 and cancer 59 . The most frequently used reference RNA in miRNA qRT-PCR assays is the small nuclear RNA U6 (U6 snRNA). 60 However, using U6 snRNA to normalize miRNA levels is arguable because of its bigger size (106-107 nt) which might deviate from miRNAs with respect to effi ciency of its extraction, reverse transcription and PCR amplifi cation. U6 snRNA has been used as an endogenous control for miRNA studies and in most of the cases U6 cannot ensure constant expression under all experimental conditions. Having in mind the importance of the right selection of a suitable reference gene, U6 snRNA is not a proper choice for miRNA quantifi cation. 61 Other often used reference genes are snoRNAs, but they too might be dysregulated in cancer. 62 Several authors have proposed the use of normalization control a combination of miRNAs whose levels are constant in the specifi c tumor tissue under investigation. For instance, in fresh-frozen lung cancer samples, Peltier and Latham 61 recommend the use of a combination of miR-191 and miR-103 as normalization controls. Five miRNAs (miR-320d, miR-101-3p, miR-106a-5p, miR-423-5p, miR-93-5p) based on microarray data and U6 have been distinguished as acceptable reference genes. The results of the merged data from four statistical algorithms suggested that the most adequate microRNAs examined for normalization were miR-101-3p and miR-93-5p. Evaluation of the validity of the selected reference genes confi rms the acceptability of applying the combination of miR-101-3p and miR-93-5p as optimal references genes.
The addition of synthetic versions of miRNAs (spike-in control) from other organisms such as C. elegans in serum specimens has proven helpful for normalizing the information received by qRT-PCR and also may present an intriguing approach to normalization issues. However, more studies are needed for the identifi cation of a precise stable exogenous miRNA control for each type of body fl uid. One of the latest addition to the detection methods for miRNAs is droplet digital PCR (ddPCR) 63 , a method especially benefi cial for low abundance miRNAs. In ddPCR, single cDNA molecules are divided evenly among hundreds of individual droplets in which they are amplifi ed to generate binary calls. Using this method researchers can get an absolute readout of total DNA copy number, and thus avoid the need for an endogenous reference gene.
Comparison of miRNA quantifi cation by ddPCR and real-time PCR revealed greater precision and improved reproducibility of ddPCR but with comparable sensitivity. Applying ddPCR to serum miRNAs biomarker analysis results in superior diagnostic performance. The ddPCR strategy has many potential advantages over standard real-time PCR including the capability to obtain absolute quantifi cation without the need of external references and validity to variations in PCR effi ciency. The future of cell-free miRNA analysis is populated with protein and semiconductor nanopore technologies promising extraordinary capacity in the research of miRNA. The technology looks promising but still does not result in rapid alterations of sequencing methods by a disruptive platform.
CELLULAR AND CIRCULATING miRNAs IN NEUROPSYCHIATRIC DISORDERS
There is considerable evidence supporting the hypothesis that miRNA plays a crucial role not only in human brain development, but also in brain diseases. [64] [65] [66] [67] Alterations in the sequence of existing miRNAs leads to the alteration of gene regulation, which contributes to the progress of a psychiatric disorder. Understanding the roles of miRNAs will ensure new perceptions for diagnosing and treating CNS disorders. A large amount of studies have examined the potential of circulating miRNAs towards clinical diagnosis and therapy measurements in various CNS disorders, particularly Alzheimer's disease (AD), Huntington's disease (HD), schizophrenia, bipolar disorder (BD), major depressive disorder (MDD), and autism spectrum disorder (ASD).
Alzheimer's disease is a neurodegenerative 166 disorder that is characterized by progressive loss in memory and deterioration of the higher cognitive functions. 68 Early, precise diagnosis of AD is important to postpone the development of neurodegeneration and dementia. Gain and loss-of-function trials confi rmed the inhibitory effect of particular miRNAs on serine palmitoyltransferase, long chain base subunit 1/2 (SPTLC1/2) and discovered their ability to repress Ab protein expression. Therefore, the levels of miR-137, miR-181c, miR-9, miR29a, and miR-29b in the serum of subjects with probable AD and mild cognitive impairment were all down-regulated in comparison with healthy controls. 69 Members of the miR-9 and miR-29 family have also been indicated to directly regulate BACE1. The down-regulation of miR-9 and miR-29 in AD patients can increase BACE1 expression. 70 Furthermore, members of the miR-29 family were shown to be downregulated in the gray matter during early AD development and associated with the thickness of diffuse amyloid plaques, 71 sustaining the argument that this miRNA may be one of the neuropathologic trials of AD. Moreover, among abnormally expressed miRNAs, miR-107 is notably reduced in early-onset Alzheimer's disease patients and has been proposed to intensify the process of disease by increasing the expression of the b-side amyloid (Ab) precursor protein cleaving enzyme 1 (BACE1). 72 Researchers discovered 667 miRNAs from one control and one AD patient and particularly quantifi ed and validated changes in neuronal miR-802 reported as suppressor of caveolin-1 gene. 73 Despite the fact that some AD-specifi c miRNAs including some let-7 family members (let-7f, let-7b and let7i), miR-9, miR-181, and miR-29 were detected 74 , the applicability of miRNAs as diagnostic clinical tools for AD will require large-scale validation and follow-up surveys in major groups of patients. Circulating miRNAs are still very tempting and may be the next generation of promising biomarkers for AD, and after all they may be used for diagnosis of neurodegenerative diseases.
Huntington's disease is a neurodegenerative disease caused by aberrant CAG expansion in the gene encoding the protein huntingtin (HTT). 75 This dominantly derived disorder is distinguished by widespread mRNA dysregulation in striatal and cortical neurons. Thus, there is need of specifi c biomarkers to track the disease development and to estimate the effi cacy of therapeutic interventions. Lately, analysis of circulating miRNAs have been explored in HD as a new approach to identify novel biomarkers. In addition, other types of transcriptional dysregulation may also display incidence of this disease. For instance, the function of p53 has been discovered as being important in HD and is targeted by miR-34. 76 Circulating miR-34b has been assessed in the plasma of HD subjects before the manifestation of the symptoms; and it has been proposed to be a novel biomarker for the neurodegenerative disorder.
Schizophrenia is another type of severe neuropsychiatric disorder which is characterized by hallucinations, delusions, anhedonia, and social withdrawal. 77 Environmental impacts and related genetic susceptibility are thought to be the crucial factors in the pathogenesis of this mental illness. 78 Several altered expression signatures of miRNAs have been discovered in schizophrenia patients compared with healthy individuals; these expressions may originate from the pathophysiology of the disease. Perkins et al. differentiated the expression of 264 miRNAs from the prefrontal cortex of patients diagnosed with schizophrenia and 21 controls not suffering from a psychiatric illness. 79 Applying a custom-made miRNA microarray, the authors pointed out that the expression of 15 miRNAs decreased and the expression of one miRNA increased in the prefrontal cortex of the schizophrenia subjects, when compared with the control group. After analyzing the information from the gene database using bioinformatic methods, Shi et al. quantifi ed nine miRNAs in the serum samples of 115 patients diagnosed with schizophrenia and 40 healthy controls. The results suggested that the miR-181b, miR-219-2-3p, miR-346, miR-195, miR-1308, miR-92a, miR-17, miR-103 and let-7g are the key players to refl ect the schizophrenia illnesses status. The up-regulation was observed for circulating miR-181b, miR-219-2-3p, miR-1308, and let-7g while the downregulation of only one micro RNAs -miR-195 was detected. The authors deduced that these alterations in the serum level of these miRNAs can represent schizophrenia status and may be used as candidate biomarkers for diagnostic purposes. 80 Furthermore, miR-137 was established to be highly associated (P=1.6 x 10 -11 ) with schizophrenia in one of the largest genomewide association surveys. 81 Since miRNAs are key regulators of gene expression, major genetic mechanisms may lead to the phenotypic heterogeneity. Lett et al. 82 have found that miR-137 plays a signifi cant role in the variation in phenotypes that is considered to have a major role in clinical outcome and treatment response. searchers concluded that the results of miR-137 on the phenotypic heterogeneity of schizophrenia might arise via neurodevelopmental gene networks. This monitoring may provide an example for the role of miRNAs in the phenotypic heterogeneity of psychiatric disorders. The regulatory role of miRNAs shows that miRNAs may contribute to the etiology of schizophrenia. 83 MiRNAs are known to affect intricate gene networks and pathways, which indicates that they may be potential biomarkers when dysregulated. Bipolar disorder is characterised by repeated episodes of mania and depression. BD might occur from abnormalities of the synaptic plasticity. Rong et al. investigated the plasma miRNA levels received from BD patients who were presenting with manic symptoms. 84 They discovered that circulating miR-134 in drug-free patients with bipolar mania was much lower than that in normal cohorts. The plasma miR-134 level increases gradually in patients on a continuous treatment. These results propose that the decreased plasma miR-134 levels may be directly connected with the pathophysiology and severity of manic symptoms in BD. Plasma miRNA-134 in BD might be assessed as a potential biomarker that can respond to acute manic episodes and connected with successful mood stabilizers treatment. The connection between miRNA level and the typical symptoms of this disease shows that miR-134 has potential value in diagnosing BD patients and assessing their therapy. 84 Major depressive disorder (MDD) is one of the most widespread neuropsychiatric disorders. It is associated with psychosocial impairment, insuffi cient quality of life, and major disability 85 , morbidity, and mortality 86, 87 . As it is known, impaired neural and structural plasticity are closely associated with MDD. 88 The interest in using miRNAs as potential biomarkers for MDD is increasing. Belzeaux et al. 89 studied miRNA expression profi les in peripheral blood mononuclear cells (PBMCs) collected from 16 MDD subjects and 13 matched healthy controls at baseline, and 2 and 8 weeks after treatment. A parallel of miRNA expression levels between MDD individuals and control groups at baseline and at 8 weeks showed a similar number of dysregulated miRNAs -14 miRNAs, with 9 miRNAs upregulated and 5 downregulated. These 14 miRNAs include miR-107, miR-133a, miR-148a, miR-200c, miR-381, miR-425-3p, miR-494, miR-517b, miR-579, miR-589, miR-636, miR-652, miR-941, and miR-1243. Only two miRNAs showed stable overexpression in MDD subjects during the 8-week follow-up compared with control groups (miR-941 and miR-589). They also pointed out miRNAs indicating considerable variations of expression among patients with clinical improvement (7 upregulated and 1 downregulated). These results proposed the potential utility of miRNA expression profi les as biomarkers of major depressive episode evolution. 89 Moreover, miR-494 and miR-335 are downregulated in the prefrontal cortex of MDD subjects. 90 These studies suggest that miRNAs can be used not only in diagnosing disorders, but also can be applied for treatment response.
Autism spectrum disorder is neurodevelopmental disorder characterized by defects in reciprocal social interactions and language development and/ or communication, and by restricted interests and repetitive behaviours. ASD is mostly genetic in origin, with most datasets maintaining a polygenic epistatic pattern. 91 Classical genetic studies have not been effective in detecting suitable candidate genes for ASD, due to the heterogeneous character of this disorder. In addition to the genetic factors, environmental factors also play an essential role in predisposing subjects to ASD. Lately, epigenetic mechanisms, which act at the interface of genes and the milieu, have been characterized as a potential collaborator to the pathogenesis of various neurodevelopmental abnormalities. Epigenetic factors including DNA methylations, histone modifi cations and miRNAs control heritable alterations in gene expression without changing the DNA sequence. 92 In this regard, miRNAs have recently appeared as leading epigenetic regulators of a variety of cellular processes. The identifi cation of clinically useful noninvasive biomarkers that could enable early intervention for ASD is a principal purpose in ASD research. Thus, serum miRNAs appear as potential biomarkers of ASD. For example, Mundalil Vasu M et al. 93 compared the expression of 125 mature miRNAs in serum of pooled 55 individuals with ASD and 55 age and sex-matched control subjects. Thirteen miRNAs were differentially expressed in ASD patients compared to the control groups. MiR-151a-3p, miR-181b-5p, miR-320a, miR-328, miR-433, miR-489, miR-572, and miR-663a were downregulated, while miR-101-3p, miR-106b-5p, miR-130a-3p, miR-195-5p, and miR-19b-3p were upregulated. The results of the various studies are summarized in Table 1 in which some microRNAs like miR-328 and miR-320a showed the same profi le of regulation while other miR-19b-3p and miR-106b-5p did not. These differences in miRNA expression between different studies have not been Five miRNAs showed good predictive power for discerning subjects with ASD. The target genes of these dysregulated miRNAs were enriched in several key neurological pathways. 93 The effects of age and sex on miRNA expression were also tested by ANCOVA in this study. The different expression of miRNAs in ASD patients and control groups stayed considerable even after modifying for the effects of age and sex. The authors used receiver operating characteristic (ROC) curve analysis to assess the predictive power of differentially expressed miRNAs to discern ASD patients from controls. The conducted analysis showed signifi cant diagnostic measurements of these 13 differentially expressed miRNAs for ASD. High sensitivity was found for fi ve miRNAs: miR-181b-5p, miR-320a, miR-572, miR-130a-3p and miR-19b-3p. It was found that the predicted target genes of the differentially expressed miRNAs could participate in various vital neurological pathways. By a detailed analysis of the target genes and the pathways they are participating, a total of 600 predicted genes and 18 neurological pathways were discovered.
Previous studies have demonstrated a differential expression signature of miRNAs in the postmortem brain 94 , in the lymphoblastoid cell lines and whole blood of ASD patients. [95] [96] [97] [98] The summarized results of these reports demonstrated that miR-181b-5p, miR-195-5p, miR-320a and miR-328 displayed the same direction of regulation in the brain 94 as in the lymphoblasts. Nevertheless, miR-181b-5p and miR-328 in the serum showed the same manner of regulation as in the brain. The serum miRNA expression levels are very stable, consistent and resistant to RNase action. 18 In addition, an ANCOVA showed that contradictory factors such as age and sex did not affect miRNA expression profi ling. Thus, miR-181b-5p and miR-328 in serum may become potential biomarkers refl ecting the miRNA expression profi le of patients with ASD. ROC curve analyses showed signifi cant diagnostic measurements of 13 differentially expressed miRNAs for ASD. High values for susceptibility, specifi city and area under the curve were found for fi ve miRNAs: miR-181b-5p, miR-320a, miR-572, miR-130a-3p and miR-19b-3p. Thus, these fi ve miRNAs may be successful candidates for circulating miRNA-based prognosis of ASD. 93 MiRNA can affect gene silencing via translational repression or mRNA degradation. 99 This mRNA destabilization may change different downstream pathways and induce various observable effects. 100 These results prognosticated some neurologically relevant canonical pathways for the hsa-miR-195-5p Up Lymphoblastoid cell line [96] hsa-miR-19b-3p Down Lymphoblastoid cell line [95] hsa-miR-320a Down Lymphoblastoid cell line [95] hsa-miR-328 Down Brain [94] hsa-miR-663a Up Lymphoblastoid cell line [95] hsa-miR-106b-5p Up Serum [93] hsa-miR-181b-5p Down Serum [93] hsa-miR-195-5p Up Serum [93] hsa-miR-19b-3p Up Serum [93] miR let-7b-3p Down Whole blood [98] miR let-7d-3p Down Whole blood [98] hsa-miR-320a Down Serum [93] hsa-miR-328 Down Serum [93] hsa-miR-663a Down Serum [93] Folia 
FUTURE PERSPECTIVES
In the near future blood-circulating extra-cellular miRNAs have the potential to become highly valuable biomarkers. In particular, the identifi cation of serum miRNA signatures able to distinguish ASD may become an innovative tool to provide pivotal information about the nature of the ASD at the transcriptional level. In this context, circulating miRNAs have been investigated to overcome these limitations and some of the current studies in the fi eld have reported promising results. In conclusion, the compilation of a catalogue of differently expressed ASD-associated miRNAs derived from cell-free fl uids should help whether these miRNAs are indeed able to report disease condition. It may be still untimely to apply miRNA in clinical therapies but it will not be long before it could be used for diagnostic purposes. Currently, it is still diffi cult to determine the correlation between particular circulating miRNAs and diseases diagnoses. Thus, more additional studies are required. Optimized miRNA-specifi c panels of different biomarkers should be combined to enhance the effectiveness and exactness of the early detection of CNS disorders. Uncovering of circulating miRNAs opens a new fi eld for diagnosis and therapy evaluation in various diseases.
CONCLUDING REMARKS
In recent years, there have been reported an increasing number of abnormal expression signatures of circulating miRNAs which have been demonstrated to have potential as biomarkers for neuropsychiatric disorders. The research on circulating miRNA, though, is still in its beginning stages. Many technical problems must be solved such as determining standardization procedures for sample preparation, advancing combined methodologies for detecting and quantifying the circulating miRNAs and optimizing the results elucidation. With the progress of novel techniques and further research investigations, circulating miRNAs undoubtedly show a great promise in diagnosing CNS disorders and evaluating related therapies.
